Background The intensification of livestock production has led to situations where the amount of manure that is produced exceeds the amounts needed in some areas. The objective of this study was to evaluate the relationship between the intensity of livestock activities and manure products, particularly in swine farms, and the prevalence of diarrhea in adults.
Introduction
The growth in intensive livestock breeding activities in Canada and their geographical concentrations have resulted in potential environmental problems. 1 Heavy rain can promote contaminant runoff toward sources of drinking water, and studies have demonstrated that the application of farmyard manure and slurry increases the risk of runoff by increasing the soil water content in the unsaturated zone. 2, 3 Microbiologic risks associated with livestock operations originate from direct contact with manure or through contaminated soil or water. The magnitude of the risk is linked to the different species of livestock and the concentration of pathogens present in the manure. 4 When manure is applied to the soil, microorganisms contained in the manure are generally retained in the upper layer of the soil. Pathogens can persist for a long period in liquid manure according to storage conditions, storage temperature and the nature of the pathogens. 5 The high prevalence of pathogens in livestock manure, especially in pigs and cattle, has been demonstrated 6 -8 as well as their persistence during storage and on agricultural lands. Salmonella can survive for at least 14 days in soil that has been impregnated with liquid swine manure 9 whereas some protozoan parasites can survive up to 63 days in applied manure without incorporation into the soil. 10 A review of the water quality in agricultural areas has reported that the quality of potable water dropped significantly after the establishment of intensive livestock production and that a greater number of diarrhea-causing bacteria and protozoa were found in the environment. 11 The aim of the present study was to determine whether the presence of intense livestock production activities, particularly swine production in Quebec, was a factor associated with diarrhea in adults and whether tap water consumption is a factor for this risk.
Material and methods

Population and sample
The population under study consists of 590 000 people residing in 161 municipalities located in seven watersheds, which were considered by the Quebec Ministry of Environment as having a production of manure in excess of crop requirements. All municipalities in which 25% of the area consisted of agricultural activities and that were classified as producing excess of manure (n ¼ 108) were considered, as well as all the municipalities with less than 25% of their area devoted to agricultural activities and no excess of manure production (n ¼ 53). Table 1 lists the number of municipalities per watershed, the number selected and their population. Random non-proportional stratified sampling was based on the size of the population of the municipalities according to the following strata: ,1000, 1000 -1999, 2000 -4999, 5000 -9999, 10 000 -19 999 and 20 000. The sample fraction used increased from 1% for large municipalities to 5% for small municipalities. We randomly selected a sample of 18 001 households using a commercial database of residential telephone numbers. In each family reached, an adult (age 18 years) was chosen at random and an interview was requested. This generated a sample of 8702 participants. The participants had to be able to express themselves in French or English and to have lived in the same residence for at least 6 months in the regions involved. People living in institutions were excluded from the sample.
Source of data and variables
A telephonic interview lasting an average of 6 min was conducted with each participant during the period from 4 April to 14 May 2002. 12 The data requested were tap water consumption, source of water, occurrence of diarrhea in the week preceding the interview, details on the selected risk factors during the previous month (work with farm animals, presence of pets, work in a health institution, trip abroad and consumption of raw meat, raw fish or unpasteurized milk products), age, gender and other sociodemographic data.
Data on the application of liquid manure (95% swine manure and liquid swine manure) were obtained from the 2001 Statistics Canada agricultural survey. 13 The animal density data were collected from the 2000 survey of the Ministry of Agriculture (Ministère de l'Agriculture, des Pêcheries et de l'Alimentation du Québec), through the integrated management of resources in an agricultural environment system named GIRMA. 14 The data on population size were obtained from the 2001 Statistics Canada population census. 15 Population density was estimated based on the total surface area of the municipalities.
The information used to estimate the microbiologic quality of the consumed water was obtained from the Quebec Ministry of Environment (Ministère du développement durable, de l'environnement et des parcs).
Definition of the main variables (i) Diarrhea was defined as the presence of three or more soft stools for at least 1 day, within 7 days preceding the date of the interview. All prevalent cases were included and there was no attempt to specifically identify individuals with chronic diarrhea. (ii) The indicators of exposure to livestock production activities were the following: proportion of cultivated agricultural areas where liquid manure was applied (by surface application, irrigation, or injection), swine density, cattle density and total farming animal density (animal units/cultivated area or a.u./ha) for each municipality. One animal unit is equal to approximately 500 kg of animal body weight (1 a.u. ¼ 500 kg). For smaller animals, a multiplication factor was applied in order to obtain an equivalent of 500 kg according to the classification of animal data available in the agricultural databases. 16 These variables were handled in quintiles based on the distribution of the values of each indicator per municipality (iii) The consumption of unboiled tap water in the respondent's home was estimated for each participant from the data collected in the telephonic questionnaire from the total consumption of tap water the day before the interview. The effect of water consumption was evaluated based on unboiled tap water only. The source of the tap water (municipal water system, private water system or private well) and the treatments applied were used to estimate the microbiologic quality of the consumed water. The probability of microbiologic contamination of the tap water was estimated under three categories (low, moderate and high) based on an adapted procedure of Lévesque et al. 17 (see Appendix 1 for details).
Statistical analyses
The relationship between agricultural exposure indicators and diarrhea has been estimated from the odds ratio and their 95% confidence intervals, by using the multivariate generalized estimation equation model. This model was used to take into account the non-independence of individuals within the same geographical unit. The following covariables were considered in the multivariate analysis for the evaluation of their confounding effect: the respondent's age, gender, education, presence of pets at home, trips outside Canada, source of water and population density. Only covariables with P-value , 0.15 or those which changed the regression coefficient greater than 10% were included in the final model. Considering the absence of multicollinearity between the two variables, swine and cattle density were evaluated within the same model. The modifying effect of unboiled tap water consumption and the probability of microbiologic contamination of this water were evaluated by using interaction terms in the models. SAS version 9.1 software was used for the statistical analyses (2002 -03, SAS Institute, Cary, NC, USA). To take into account the stratified sampling plan that is non-proportional to the size of the population, an a posteriori weighting based on the size of the population in each sampling stratum re-established the population distribution for the size of the study population according to the 2001 census.
Results
Response rate
A total of 18 001 telephone numbers were selected: 15 032 respondents were contacted, 781 could not be reached and 2188 had invalid telephone numbers. Of the 15 032 respondents reached, 986 were ineligible, 3854 refused to participate and 10 192 respondents were eligible. Of the latter, 8702 respondents (79%) agreed to participate. Of those for whom eligibility could be established (986 þ 10 192), 91% were eligible. Eligibility was based on the survey inclusion criteria (see methodology) and the respondent's location and duration of residence. By assuming this same eligibility proportion for the 781 not contacted and the 3854 who refused before their eligibility was established, an estimate of 4226 additional eligible respondents who did not participate was obtained. Therefore, a 60% estimated response rate was obtained (8702/ [10 192 þ 4226]). In addition, since information on diarrhea was missing for seven individuals, the analyses involved 8695 subjects.
Characteristics of the sample
The descriptive characteristics of the studied sample population are presented in Table 2 . A weighting of the survey data was made necessary to correct for the under-representation of participants of age 18-24 years in the initial sample. It was also necessary to correct for the over-representation of women in the sample and for over-sampling in small municipalities. The weighted data were then used in all statistical analyses to allow the age and gender distribution of the data to be similar to the data of the Statistics Canada 2001 population census of the study territory.
Risk factors for diarrhea
The strongest risk factors in the crude analysis (Table 3) were age between 25 and 34 years and travel outside Canada. The risk of diarrhea was lower when the probability of contamination was moderate and the use of private water supply. Contact with farm animals was not associated with increased risk of diarrhea (data not shown, P . 0.3). In the multivariate analysis, only the age group of 25 -34 years and the use of private water supplies remained significantly associated with the disease status (P , 0.05).
Association with animal density indicators
In the crude analysis, swine and cattle densities were negatively associated with diarrhea, but this tendency disappeared once we adjusted for confounders ( Table 4 ). The proportion of cultivated agricultural areas that received liquid manure and the total animal farming density (data not shown) were not associated with the risk of disease.
Interaction with water consumption
The probability of the microbiologic contamination of tap water and the consumption of tap water (yes or no) did not modify the observed associations between the agricultural indicators and diarrhea (P-values of the interaction terms were not significant at .0.10).
Discussion
Main finding of this study
We did not observe a higher risk of diarrhea in adults living in municipalities where intensive livestock production practices are carried out than in those living in zones without intense farming activities. Specifically, no increased risk was observed in the territories with a high swine production density or liquid manure application. A slight negative association with animal density observed in the crude analysis disappeared once we took into account the potential confounders. The consumption of tap water with some probability of microbiologic contamination was not a significant risk and there was an apparent protective effect for participants consuming water from a private source (i.e. domestic well). The incidence of diarrhea was higher in adults of 25 -34 years of age than in the other age groups.
What is already known on this topic
A link between reported cases of Escherichia coli infection and cattle density has been reported in Canada in the province of Ontario. 18, 19 The importance of contact with cattle as well as contaminated well water or locally produced foods was proposed as likely risk factors. The association between livestock density and Campylobacter was studied in Sweden by Nygard et al. in 2004 20 and a significant link was found with ruminant density and at a lesser degree, albeit positive, with swine and poultry density. The authors also observed that being served by a public water supply seemed to confer protection, which was explained by the higher quality water provided due to stronger regulations.
To our knowledge, this is the first study aimed at evaluating diarrhea in an adult population in relation with animal density. Because most gastroenteritis cases do not seek medical attention and reported cases are prone to bias, 21, 22 we used a population survey evaluating all prevalent cases to increase the statistical power to detect association with farming activities. This approach has already been used in several countries to estimate the frequency of diarrhea. Prevalence of diarrhea during the month before interview was reported to be 6 -8% in Australia, Canada and the USA, and 3.4% in Ireland. 23 This seems slightly lower than our estimate but contrary to these studies, we could not exclude cases with chronic diarrhea. Also, our rate estimate is highly dependent on the seasonal pattern of enteric diseases. Our study was conducted during a 2-week period in May instead of the 1-year period in those studies. 23 Previous prospective studies conducted in the province of Quebec have reported important seasonal variation of gastroenteritis with higher rates in winter and spring. 24, 25 The increased risk of gastroenteritis for young adults has already been reported 23 and explained by an increase in contacts with young children or other behavioral factors. The lower risk in The difference between the total sample (n ¼ 8695) and the numbers for the mentioned descriptive characteristic is due to missing values.
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elders has also been reported 23, 26, 27 and explained by a higher level of immunity or selection bias.
What this study adds
This study shows that diarrhea is not more frequent in adult populations living in areas where animal density, particularly swine density, is high. An apparent protection associated with the use of tap water from a private well or private supply is unexpected since those sources are less treated and less monitored than municipal water, but could also reflect a protective immunity from previous exposures.
Limitations of this study
Only adults were studied and children are more susceptible to enteric diseases than adults. 23, 28 Therefore, studying only adults may have hidden a possible health effects on a more susceptible population. Environmental exposure assessment was based on geographical information on livestock density and manure application at the municipality level; therefore, the true exposure was unknown. There is also little actual data available on the changes of water quality during our study period. However, we chose the month of May because it coincides with spring manure application and a period when groundwater recharge is taking place with snowmelt The difference between the total sample (n ¼ 8695) and the sample analyzed is due to missing values. The tap water consumed per day (unboiled tap water and cold drinks)
Continued
was measured for the consumers of tap water by excluding the consumption of the bottled and spring water.
and spring rains. These events significantly affect private wells as well as drinking water treatment. Some bias could also have been introduced when evaluating water consumption. Home tap water consumption was assessed for the day prior to the interview. We know that this procedure can improve the quality of the recall of the quantity of water ingested, 29 but it could also introduce a bias in our study if water consumption was modified by cases after the illness. This does not seem to be the case since usual bottled water consumption was well correlated with the last 24 hours bottled water consumption in cases as well as in non-cases (data not shown).
Finally, the comparison of mainly urban territories (first quintile) with rural territories (second to fifth quintile) is not without its own problems. Populations living in agricultural territories may have lifestyles different from those of people living in urban territories. The control of several risk factors in the multivariate analysis limits this issue, but we were not able to control for diet or other lifestyles.
Conclusion
We did not observe any significant association between diarrhea in the last 7 days and the swine and cattle densities in municipalities where there is major important animal production activity. Therefore, the risk of gastrointestinal infections associated with manure spreading into the environment was not observed in this population. Studying only adults may have limited the evaluation of the potential health effects associated with increasing farming activities but it still provides important information for health authorities.
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